A broad-host-range plasmid containing a fusion of the alkA and lacZ genes of Escherichia coil was introduced into various aerobic and facultative gram-negative bacteria-33 species belonging to 19 genera-to study the induction of expression of the alkA gene by alkylating agents. The bacteria included species of the families Enterobacteriaceae, Pseudomonadaceae, Rhizobiaceae, Vibrionaceae, Neisseriaceae, Rhodospirillaceae, and Azotobacteraceae. Results obtained show that all bacteria tested, except Aeromonas hydrophila, Agrobacterium tumefaciens, Hafnia alvei, Rhizobium meliloti, Salmonella enteritidis, Xanthomonas campestris, and those of the genus Rhodobacter, are able to induce the alkA gene of E. coli in the presence of N-methyl-N'-nitro-Nnitrosoguanidine. All these data indicate that the adaptive response to alkylating agents is present in bacterial species of several families and that the Ada box sequence must be widely conserved.
Several DNA repair systems in bacteria have been described (12) , the adaptive response to alkylating agents being one of the most clearly characterized (17, 34, 41) . The main feature of this repair response is that treatment of cells with low levels of methylating and ethylating agents renders the cells more resistant to the mutagenic and toxic effects of much larger doses of these alkylating agents (13, 29) . In Escherichia coli, this inducible DNA repair network involves the products of at least four genes, ada, alkA, alkB, and aidB. The ada and alkB genes form a small operon, which maps at 47 min on the E. coli genetic map (14, 31) . The alkA and aidB genes map at 45 and 95 min, respectively (42, 45) . The Ada protein, besides being the transcriptional activator of the adaptive-response regulon, has two different DNA methyltransferase activities. The 06-methylguanine-DNA methyltransferase activity of Ada irreversibly transfers a methyl group from 06-methylguanine in the DNA to the Cys-321 residue in the carboxyl-terminal domain of the same Ada protein (9, 10, 26) . The methylphosphotriester-DNA methyltransferase activity also irreversibly transfers a methyl group from one of the diastereoisomers of methylphosphotriesters in the DNA to the Cys-69 residue in the amino-terminal domain of the Ada protein (18, 19, 44) . These two methyltransferase reactions are terminal; once a methyl acceptor site of Ada protein is occupied, it does not appear to be demethylated (34) . In this way, the DNA methyltransferase activities of the Ada protein are consumed in the DNA repair process.
Induction of the adaptive-response regulon is carried out by the Ada protein methylated at either Cys-69 or both Cys-69 and Cys-321 (24, 38) . Then the activated Ada protein can bind strongly to a specific sequence present in the ada and alkA promoters, enhancing the expression from them. This region, designated the Ada box, contains the sequence 5'-AAANNAAAGCGCA-3' (27, 38) . Base substitutions in this region of the ada promoter indicated that the sequence 5'-AAAGCGCA-3' is required for in vivo ada expression, whereas the first five nucleotides of the Ada box are dispensable (25) . The Ada protein is processed by a cellular protease * Corresponding author.
(37) which produces two domains that retain the ability to repair 06-methylguanine and phosphotriesters, although its regulatory activity is destroyed (36) . It has been shown that the OmpT protease can cleave the Ada protein in cell extracts, although this protease seems not to be involved in switching off the adaptive response in vivo (32, 36) .
Different workers have shown that the adaptive response is not present in all bacteria. Adaptive repair is induced by N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) in several enterobacterial species (39) , Bacillus subtilis (21, 22) , Bacillus thuringiensis (3), Micrococcus luteus (1), Streptomyces fradiae (2), Rhodobacter sphaeroides (40), Rhodobacter capsulatus (40), Pseudomonas aeruginosa (8) , and Xanthomonas maltophilia (8) . On the other hand, a similar DNA repair system has not been found in Haemophilus influenzae (16) , Salmonella typhimurium (11, 39, 43) , Neisseria gonorrhoeae (6), Rhizobium meliloti (15), or Staphylococcus au- reus (8) , although a weak induction of a 39-kDa protein immunologically related to the E. coli Ada protein has been detected in S. typhimurium (39) . Nevertheless, the presence of Ada-like proteins in several genera of gram-negative bacteria which were able to recognize the Ada box of E. coli has not been analyzed. We have studied this question by using a broad-host-range plasmid containing a fusion of the alkA and the lacZ genes of E. coli. Bacterial strains, plasmids, and growth conditions. Strains of E. coli K-12 and plasmids used to obtain the recombinant plasmid harboring the alkA-lacZ fusion are listed in Table 1 .
Non-E. coli bacterial strains in which this fusion was analyzed are listed in Table 2 . All these species were obtained from F. Uruburu (Spanish Type Culture Collection). E. coli and S. typhimurium strains were grown in LB medium (20) at 37°C. The temperatures and growth media used for the other bacterial species were as recommended elsewhere (35) . Glucose at 0.4% was always added to the growth medium. Mating experiments, 1-galactosidase assay, and DNA techniques. Plasmid pUA102 (this paper) was introduced into Rif' derivatives of the different bacteria by triparental mating (5) .
E. coli HB101(pRK2013) and E. coli DH5d(pUA102) were used as mobilizing and donor strains, respectively. The 3-galactosidase assay was performed by the method of Miller (20) . Enzyme concentrations (units per milliliter) were calculated from the formula given by Casaregola et al. (7) . Protein concentrations were determined by the Bradford method (4). DNA technology was as described elsewhere (28) .
Construction of a broad-host-range plasmid harboring an alkA-lacZ fusion. pMCP1000 is a ColEl-derivative plasmid harboring a protein fusion of the alklA and the lacZ genes of E. coli (23) . This plasmid is unstable in manv gram-negative bacteria. For this reason, it was necessary to obtain a promiscuous plasmid containing an a/kA-/acZ fusion. To perform this, we chose the broad-host-range plasmid pCB303. This is a promoter probe vector with an intermediate copy number obtained from the RK2-derived pRK290 plasmid containing the lacZ and phoA indicator genes divergently oriented and separated by a polylinker. In addition, in the polylinker there are translational stop codons in all three reading frames upstream of the initiation codons, as well as ribosome-binding sites before the ATG codon (30) .
The structure of the promiscuous plasmid pUA102 harboring the desired alkA-lacZ fusion is shown in Fig. 1 , with the strategy for its construction briefly summarized in the legend. The behavior of the alkA-lacZ fusion contained in the pMCP1000 and pUA102 plasmids after MNNG treatment in both Ada' and Ada-cells of E. coli was the same (data not shown). These results indicated that plasmid pUA102 contained a functional alkA-lacZ fusion.
Expression of the alkA-lacZ fusion in several gram-negative bacteria. Plasmid pUA102 was introduced by triparental mating into all bacteria listed in Table 2 (Table 2) or ethyl methanesulfonate (data not shown).
Significance. These results suggest that the Ada box must be widespread and conserved in gram-negative bacteria, because there is a high number of bacterial genera which have the ability to trigger the expression of the alkA gene of E. (oli when exposed to alkylating agents, even when some of them (e.g., Pseladomonas) are at an important taxonomic distance. The gram-positive B. slibtilis ada promoter does not, however, have a similar sequence (21) . At least two explanations may be made for the absence of alkA-lacZ induction in some bacteria reported here. The first possibility is that there is an adaptive response, but the Ada protein of the bacterium does not recognize the Ada box of E. coli. Second, the bacterium could be a naturally occurring mutant in the regulatory function of the Ada protein. The few enterobacteria unable to induce the alkAlacZ fusion could be such mutants, since it seems unlikely that cells taxonomically close to E. coli would have a poorly related Ada box. In this respect, the ada gene of S. typhiiniriaim has been recently cloned, and it has been shown that there is an Ada box-like sequence in its promoter region (11) .
Similarly, bacteria with a low level of induction of the alkA-lacZ fusion could be partially defective in the transcription activator function of the Ada protein. In agreement with this, it seems that the inefficient induction of the adaptive response in S. tvphimisiiiin results from weak transcriptional activation of its ada gene by the self-methylated protein (11, 39) . Furthermore, chromosomal DNA sequences that hybridize with the cloned E. coli ada gene have been detected in other enterobacteria (33) which also present a poor level of induction of the alkA-lacZ fusion of E. coli. On the other hand, the behavior of the Rhodospirillaceae family could be explained by the first possibility, because it has an adaptive response to alkylating agents (40) . Likewise, we have been able to detect a weak adaptive response in physiological experiments with X. campestris (data not shown), indicating that thi$ bacterium must have an Ada-like box with, in all probability, a sequence different from that shown by E. coli.
Finally, and in order to carry out evolutionary studies, results obtained from this work may be employed to design strategies to isolate ada-like genes from bacteria other than E. coli by testing the ability of such heterologous Ada proteins to increase the survival of Ada-mutants of E. coli against alkylating agents.
